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FOREWORD

The Subcommittee on Radiochemistry Is one of a number
of subcommittees working under the Committee on Nuclear
Science within the National Academy of Sc:ences – National
Research Council. Its me?nbers represent government, indus-
trial, and university laboratories In the areas of nuclear
chemistry and analytical chemistry.

The Subcommittee has concerned itself with those areas
of nuclea? science which involve the chemist, such as the
collection and distribut3.on of radiochemical Procedures. the
establishment of specifications for
reagents, availability of cyclotron
atlons, the place of radlochemistry
college program, etc.

radiochem~cally pur=
time for service irradl-
in the undergraduate

This series of monographs has grown out of the need for
up-to-date compilations of radiochemical Information, pro-
cedures, and techniques. The Subcommittee has endeavored to
present a series which will be of maximum use to the working
scientist and which contains the latest available Information.
Each monograph collects in one volume the
tion required for radiochemical work with
element or with a specialized technique.

pertinent informa-
an Individual

An expert in the particular radtochemical technique has
written the monograph. The Atomic Energy Commission has
sponsored the printing of the series.

The Subcommittee is confident these publications will be
useful not only to the radlochemist but also to the research
worker in other fields such as physics, biochemistry or
medicine who wishes to use radiochemical techniques to solve
a specific problem.

W. Wayne Melnke, Chairman
Subcommittee on Radlochemistry
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INTRC)DUCTIC$N

This volume which dealswlth low-level radiochemical
spezratio~s IS the third in a ser:es of monographs on radio-
chemlcal teclmlques wh5.ch wI1l ga?allel the series an the
radlochemistry of tihe elements. The same general style is
used in both series of monographs, including general ?eviews
of the technique, discussl~n o? the principles involved, a
survey of applications :0 different systems, and finally a
collection of selected procedures which use this technique
as reported in the lltera%ure”.

This secofld series .of techniques monographs will cover
a flu!nberof radioc;hemical techniques whl~h have not been
reviewed elsewhere. Plans include revision of these mono-
grapkperiodically as new information and procedures warrant.
The re~der Is therefore encouraged to call to the attention of
the auth~r any published or unpublished mater:al on low-level
radiocher.ical separations which might be included in a revised
version of the monograph.
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Low-1evel Radiochemical Separations

T. T. SUGIHAR.A
Jeppson Laboratory

Clark University

Worcester, Massachusetts

The widespreaduse and occurrenceof radioactivityand the increasing

interest in less probable nuclear reactionshave forced many nuclear and radio-

chemists to use low-levelmethods of isolatingand detectingradioactivity. It

is the purpose of this review to consider some of the general aspects of low-

level radiochemicalseparationaand discuss a few specificprocedures. Since

it is difficult in many cases to know from the title of a paper, its abstract,

or sometimeseven the text of a paper, whether a low-levelmethod was used, the

author makes no claim as to completenessof the literaturesurveyed in preparing

this nmnograph. Futihermore,since many separationmethods used at ordinary

levels may be convertedto low-levelprocedureswith only minor alterations,

there exist potentiallyan infinitenumber of low-level separationschemes. The

referencescited here should be taken to be only representativeones and are of

course those about which the author knows the most. There are no doubt many

other low-levelmethods, published and unpublished,and the author would appreci-

ate receiving informationabout them. Unfortunately,few papers discuss the de-

tails of the precautionstaken to achiwe high radiochemical

characteristicsof a low-levelmethod.

puri~ and other
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The major use of low-levelmethods has been in (1) environmentalstudies of

66
naturally occurring or artificial radioactivity, (2) research in cosmic-ray-

52
induced radioactivityin meteorites

74,104
and atmosphericnuclei, (3) deter-

28,82
mination of nuclear-reactioncross sections in the submicrobam region,

(4) studies of nuclear reactions in which the availablebeam intensitiesare

118
very low (e.g.,pion-inducedreactions or resonancefission92) although cross

sectionsare large, and (5) trace-elementdeterminationby activationanalysis.
90

Low-level radioactivitycan be defined in terms of a signal-to-noiseratio

(sample-to-backgroundratio) - for example,inactivity for which the ratio is

of the order of unity. For radiochemicalpurposes,however, this is not nec-

essarilyadequate. One of the importantcriteria for evaluating~ low-level

procedure is the blank, as will be discussedbelow. A blank of one count per

minute (cpm) may be negligible in a counter system whose background is 25 cpm,

but it is of very great importancewhen the background rate is of the order of

0.2 cpm, a typical rate in many beta counters in common use.
5o,78,1o7 ~us in

this discussionwe shall be concernedwith small absolute amounts of activity

( <10 disintegrationsper minute) as well as sigml/noise ratios of the order

of unity.

The kinds of counters used and the ingeniousmethods devised to reduce

background are outside the scope of this discussion. A number of specific*and

7,33,59
review articles have appeared on the subject in the past few years.

Generally speaking, low-levelradiochemistryshows some strong resemblances

to trace-elementdeterminationby colorimetiy,98

able to the latter area have counterpartsin the

Many of the injunctionsapplic-

radiochemicalcase.

* Beta proportionalor Geiger counting - references10, 12, 35, 57, 62, 74, 78,
8~, 87, Iol, 107; solution scintillationcounting - references1, 8, 15, 18,

31, 55, 56, 88; fialscintillationcounting - references 5, 14, 21, 36, 48, u.1.
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For

1.

2.

3.

4.

of these

ordinary

a low-levelprocedure to be a good one, certain requirementsmust be met:

Zero or small and constantblank.

High chemicalyield.

High radiochemicalpurity.

Fase of preparing sample in suitable chemical form for counting. All

criteria are, of course, applicableto

levels, as well as some others such as

so importantin low-levelwork. The difference

of these factors will be discussedbelow.

Blank Determinations

A blank in radiochemicalseparations

trace element analysis: the contribution

means

radiochemicalseparationsat

speed, which in general is not

in relative importanceof some

approximatelywhat it does in

of the added reagents and other con-

stituentsof a eample to the quantity measured. A given procedure

have a differentblank for a counting method using gamma-raypulse

compared to one which involves gross beta activity.

may of course

analysis as

It is frequentlynot simple to decide how a blank is to be measured. For

example, consider the following case: low-levelmeasurementsare to be made of

fallout CJ44 in samples of sea water. A procedure is devised which isolates

cerium chemically. A blank is determinedby adding inert cerium carrier to a

volume of distilledwater comparableto that of sea water in an actual sample;

this is followedby the procedure using the same reagents in the same amounts

as in isolationof a real sample, and finally the cerium fraction is counted.

This does not necessarilyconstitutea satisfactoryblank determimtion since

it determinesonly the contributionof added reagents. Sea water may contain

non-ceriumactivities (referredto as X below) that tend to follow cerium

chemistry,particularlywhen holdback carriersare not present. Ideallythe blank

144
should be determined in a sea water system containingX but no Ce . However,

3



in this particular case and at this time

144
which we can be sure are free of Ce .

108
appear to contain measurableamounts.

A method which appears to be better

there do not

Even samples

- but

carrier and recover it from a sea water sample

once. The first cerium separation (assumedto

is not

exist sea

collected

water samples

at 1500 meters

is to add inert cerium

that has already been processed

be quantitativefor simplicity)

144
should remove (1) Ce

144
originallypresent in the sample, (2) Ce in the re-

agents used, (3) some or all of X, and (k) some or all of Z (as we shall call

non-ceriumactivities contributedby the reagentswhich follow cerium chemistry;

X and Z may or may not be the same). The second cerium separationmay contain

only (2) and (4). If so, obviouslythis is no measure of X. If a constant

amount of X were to follow each cerium separation,then the second cerium frac-

tion is a reasonablemeasure of the blank. But

and this method does not provide an unambiguous

If a small cross section is being measured

this is an unlikely occurrence,

blank determination.

in a charged-particlereaction,

a satisfactoryblank may frequentlybe determinedby placing the target at a

position beyond the range of the chargedpatiicle and isolatingand measuring

the activity of interest. The blank here includescontributionsfrom reactions

of long-rangeparticles (usuallyneutrons)as well as from contaminantsin tar-

34
get and reagents. Fung and Turkevich have discussedat some length the pre-

cautions they have taken to insure an authenticmeasurementof the very small

65 65
cross section for the Cu (p,p~+)Ni reaction. A similar discussionis given

82
by Metzger and Miller for the reactions inducedby secondarycharged particles

produced by the interactionof high-energyprotons with gold. The formation

cross sections of bismuth and lead nuclideswere very much less

barn. The blank problem in studies of bismuth fissionhas been

than a micro-

describedby

Fairha1128
109

and by Sugihara et al.
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At ordinary levels of activi~, small amounts of radiochemicalimpurities

are frequentlytolerable if their half-livesare substantiallydifferentfrom

that of the nuclide to be measured. In the low-levelcase, this is less tree.

For example,a great many laboratoriesare determiningSr
90

at low levels in

samples of geochemicalor biochemicalimportance. All of the methods used in-

volve the measurementof the 64-hour ?“ in secular equilibriumwith its parent.

One might think that a small amount of a long-livedactivi~ would be of only

minor consequencein such a determinationsince the amount of ?0 can be deduced

from the resolutionof the decay tune. In fact, however, counting statistics

are not so good since in the resolution,the sum of the counterbackgroundand

long-livedactivity must be subtractedfrom each measuredpoint. In effect, the

counter backgroundhas been increased,defeatingthe purpose of the elaborate
>

shieldingmethods used to

be nnde is that design of

eering low backgrounds.

Blanks, like counter

achieve a low counter background. An obviouspoint to

procedures of minimum blank is as importantas engin-

backgrounds,are usually not zero; at best they usually

have small positive values even though statisticallythey may be taken to be

zero. Such a blank is of course satisfactory. In less fortumatecases, the

blank may not be negligiblysmall and yet not large enough to apply the usual

nuclear identificationmethods such as pulse analysis or absorptioncurves. Thus

one does not know how to change his procedure to remove the contaminatingnuclide

or nuclides. In such cases a standardpractice is to determinethe blank as a

functionof the chemicalyield of the substancecounted. If the relationship

is simple and reproducible,a blank

sample (sacrificingsome precision,

altered

ible or

(accordingto the intuition

small and constantblank is

correctionis readily applied to an actual

of course). If not, the procedure must be

of the radiochemist)until either a neglig-

obtained.

5.



Reducing the Blank Correction

The

and only

sy8tema.

moval of

isotopic

from the

first is

agents.

1.

generalproblem of obta5ninga negligibleblank is a most complex.one,

a few statementscan be ~de that are applicabletn a wide vsriety.of.

There are two aspects to tie problem. One is concernedwith tie re-

contaminatinga’ctivitieepresent in the eample or in the reagentsnot

with the nuclide to be deteruhed, The other involvesthe contribution

reagents of nuclldes i“&opic or identicalwith thatdetermtied. The

solvedby good chemical separations;the secondby proper”choice of re-

Contiination of amlytical reagents. A eeparate group:ofthe NAS-NRC

subconnifieeon radiochemistryis pursuing this problem and no general discussion

is presentedhere. In our laboratorywe find many reagentswhose activi~ is

>“0.1 cpmper 10mg. For eample, a rare earth of hi& chemicalpurity such

as 99.99$ k O may contain easily measurableamounts of Ac
227.

23
,.Y203and Ce02

frequentlyare contaminatedwith thorium,but we have not been able to detect

Ce
144

in reagent cerium compounds. Barium.e.alteueuelly contiinmeasurable

amounts of radium isotopes. Reagent cesium salts are inwitably con-inated

with Khand Rb87. Honda* has recently found that reagents containingchlorine

or sulfur also contain measurable amounte of $2, p~duced by cosmic-ray inter-

action. At sea level, the saturation72 activi~ is 0.22 dpm per kg as chlorine

in HC1 or Cclb and O.~ dpm per kg ae sulfur in H2S04. Raagenta etored (for a

time long compared to the half-life.ofd’) at a locationof tie order of a

mile above sea lwel should containabout three times as much 22 activi~. Thus

considerablecare needs to be exercieed in the choice of reagents for very low-

level determinationsof #,#3,0r #5. !l!helatt ertwonuclid esareal sopro-

duced by

2.

cosmic rays in chlorine- or eulfur-containingreagents.

Obviouslypotissium ealte and reagents of other.elementswhich have

6



mturally occurringactivitiesshould be excluded from aprocedure if

method”is sensitiveto the natural activity.

3. MUeOUS solutionssho~d be prepa?d ~th deionizedwater or

the counting

water

that has been distilled from a glaes&WL. This ie especiallytiportantfor

solutioneueed nearthe end of a low-lwel procedure. The activi~ found in

ordinary distilledwater, ae prepared in the ueual metal etill, variee.widely

and may be negligible in come laboratoriee. A very rough rule of thumb is that

if the ordimry distWled water hae a measurableblank when tibated with EDTA

or when used in trace-el~ent colorime~, it

Low-lwel method.

h. Frequently

etep. Consider the

the mjor contributionto

137
caee of isolatingCe .

87 4-0
separatingceeium from Rb and K are kmown

ie probably not safe to use in a

the blank ie made in the laet

A number of methode capable of

20,107
. Suppoee euch a method ie

ueed, and a vezy clean ceeium-containingeolution ie obtiined. Let us aeeume

that a eolid ceeium sample is deetied for counting. The magnitude of the blank

may depend very critically.onthe choice of precipitantamong perchlonte,

chloroplathate, eilicotungetateor tetraphenylborate. There are essentially

no reliable rulee that can be ueed at thie point. Heavy-me~l-containing re-

20
agente are ueually avoided;yet in oux experience chloroplathate appears to

be euperior to perchlorate.

5. Airborne contamhation. Many radiochemicalprocedures

filtrationh the flgal step to depoeit a precipitateon filter

require suction

paper for sub-

sequent determ~tion. A number of investigatorshave pointed out tit a eub-

etitial enmuut of a 30-40 tiute beti activity (sweral cpm) ie readily col-

lected on a filter by drawing a few litere of air tiugh.it.
16,79 ~is

effect is large when tie humidity ie high. The activity

222
ably a complex mMxce of the dauglkere of M . There

7

h question is prob-

appeare also to be



along-livedactivity (believed

tribution is of the order of 5

to be p’b2U and its daughters54)whose con-

l@ of that of the short-livedactivity at

the time the air stream is stopped. l%us it is of some importanceto exclude

the air contributionto the reagent blank. Methods that have been used in-

elude:

in

be

(a) Avoid suction filtration

procedure ti which epeed is of

ueed instead.

completely. This is c-inly poeeible

litile contiequence.Evaporationmay often

(b) Prefilterthe air that eventuallypaesee over tie -plewith ahigh-

efficiencyfilter such as MilliporeHA. Thie method is perhaps only 90$ effici-

ent evm if sweral such filtere are used.
79

(c) Puri& the airby a series of traps deeigned specificallyto rmove

radon and ita de~y producte. Ueually a trap containtigan aqueoue eolution

and one with charcoalat dry-ice temperatureare adequate.

6. Uee of non-isotopiccarriers. Prequintlythe inert carrier for a

nuclide to be ieolated ie difficultto obtati free of active contaminant.

In euch a case a non-ieotopiccarrter of au~tible chemicalcharacteristicsmay

be much mre deeirable from the point of view of reagent blanks; To illustrate

thie point, coneider the case ofdetermdning Sr
w

in geochemicalsamples. In

the ueual chemicalprocedure inert etrontiumcarrier is added and the s~tium

is finally recovered in a form free of other activities (exceptother etrontium

nuclidee)f18 The fhal strontiumsample ie allowed to etand for a the long

enough toaKLow 6Lhour~to grow tito secular equilibrium. ~i-carrfer

ie added and a yttrium f%ction free of strontiumis recoveredand counted. The

point here is that low-blankyttcium carrier is difficult”to obtain; in general

it muet be chromatographedunder condition in which separationfrom thorium ie

aubetantiallycomplete. TMe ie tedious and unnecessary.

8



A much simplertechnique is to isolate ? carrier-freeby coprecipitation

on ferrtc hydroxide.107 The Pe(III) carrier used is very simply obtiined in a

form that givee a zero blank. Prepare an HCl eolutionof reagent iron wire or

powder. Because of air oxidationthere ie alwaye an appreciableconcentration

of Fe(III) in the PeC12 eolution. Thue if the pH ie adjueted to ah, come

Pe(OH)3 will precipitate. The Pe(OH)3 purifiee the FeC12 solutionby the usual

scavengingaction. A trace.ofH202 may be added if the.scavengingis to be

repeated. Pinally, excese H202 is added and the Fe(II) ie.oxidizedto Fe(III).

One ❑ight object to ue5ng Fe(III) ae a carrier for y-tlriumbecau~e.ofthe

lackof epecifici@ of Fe(OH)3. On the other hand, if the stratium eample

haebeen p~perlypurified, no activity other than # is present which would

be carried on Fe(OH)5. The coprecipitationof carrier-free~ium and rare

lq
eerthe on Fe(OH) ie quantitative.

3
Furfh8z7mre,since mall amunte of

Fe(OH)3 afi recoveredquantitativelyon a IMlipore filterj no chemicalyield

detemlnation is necessary. Repeated applicationof this metiod to a stan-

dard sr~-containing solutionhas ehown that the # recovery ie reproducible

m
and indeed quantitative.

7. Reuee of ion excheng=s. Ion-exchangereeins are commonlyueed h

low-levelradiochemicalp“ncedurea. Borneaulbre’” have etated that a given

batch of resin should not be used mre than once in a low-lwel separation.

Severalmetal ions which are sbxmgly adeorbedby ion exchanger are erotically

eluted and theti reuee may lead to cont&n~tion of eubeequenteamplee. On

the other hand, repeated uee of the acme colloidallhwex-50 h rare-earth

10’7
aaparatio”na haa cauaed no difficulty. Iu”tie latier caee, a baaic citrate

waeh haa baem used in between runa. Accordtigto Harley,
47

some batchea of

90
Dowax-50 have been found”to contafi Sr . Tha

remved by the usual acid-baaa washing cycles.

activi~ ia ti a form that ia not

It ia apparent only when tie reeim

9



is ashed aid counted; that is, eanplesare not contiinated when

used in the usual column or batch manner. The activity level is

@
per 100 nilof wet resin..

the reein is

about 10 dpm

8. Equipmentand facil.itiee.!l’l&eareobvious complicationsin attempting

to do low-levelwork in a laboratorydevoted otherwiseto ordinary levele of

activity,particularlyif others work with tie same nuclide as rhat being measured

at a low level. A very stiict segregationof the usual laboratoryglassware,

hardware, and”counting and other equipment (suchae countere,absorbers,balances,

ovene, centrifuges,etc.) is highly impotint. While not demnslrable that it

ie absolutelynecessary, h the authorre laboratory,polytiylene tire is ueed

where poseible. It is conceivablethat potassiumand perhape ofier naturally

occurr~ngactivitiescan be leached from glass.

Identify@ Nuclidee in Low-Ievel Determinations

In mny low-leveldetenninationeinvolvinglong-livedfallout nuclides,

naturally occurringor cosmic-ray-inducedactivities,the countingmeasurement

shows only that a certain amount of activi@ has been observed. If a properly

determinedblank correctionis known, the differenceshould be atiibutible to

the nuclide being investigated. How can one be sure that

is that which one expects it to be?

Only in a few fortunatecasee such as Si32, Srw, or

the activi~

*C227
, which

measured

have

daughter

fication

the the

faaeible

activitiesof convenienthalf-life, ie it possible to base tie identi-

on a decay curve. In meet cases there is no appreciabledecay over

of the experiment. Pulse analysis of gamma rays doee not appear to be

in general for a few dpm of activi~, at least at the preeent level of

sophisticationof instrumentation. A unique identificationof low-levelpoeitron

emitters is made possible by tie angular correction of annihilationradiation.5,21

10



Nuclides decayingby electron capture or isomerictinsition can frequentlybe

identifiedat low levels by “x-raycounting.

A stindardchemicalmethod used is to recycle to cona~t epectficactivity.

From the constancythe chemical nature of the measured nuclide is deduced.

Usually th&e ie no difficul@ in aesigningthe correctmase number. It is worth-

while to point out, however, that conetent specificactivi~ ie not neceeearily

adequate if the chemicalprocedure is ueed in each cycle. This can be

ilketiated by an example. Suppoeenuclide A, which ie the”nuclide being studied,

is poorly or not at all eeparatedfrom radionuclideB (a differentchemical

element) in the procedure used and thus tie first sample of A con~ine some B.

On recycling through the same procedure,A and B are not appreciablyfractionated

and thus virtually the same epecificactivilq ae before will be obtained even

though the contaminationlevel ofB is appreciable. On the other hand, a

differentprocedure which provides better tictionation between A and B should

chow a 6hange in specific activity. Paire of elemente like rubidium and ceei”im

which are very ehilar chemicallymay cauee this kind of difficul~. Generally

speakhg then, rath& different chemicalprocedure ehould be ueed ti successive

cycles in the procees of recyclingto constant epecificactivity.

In the case of beta emitters,abso~tion cumee may be taken to help iden-

tify the nuclide. But with eay only 0.5 cpm of activi~ againet a background of

0.2 cpm, the absorption characteristicscannot be measured very precisely. On

the other hand, usually all one neede to how is that tie absorptioncurve ie

consistentwith what one expecte.

thicknees or .sometimeethe general

When working with thick eamplee of

~rkere77>106)110~veused wffi

etry among sample,absorber,and

The parameter compared is normally the helf-

(umresolved)ehape of the absorptioncurve.

low specificactivity, Libby and co-

considerableeuccesea cloee cylindricalgeom-

Counter. Under these conditionsa simplebeti

11



emitter exhibitsa truly exponentialabsorptioncurve, and a measuredhalf-

thiclmess can be correlatedwith beti ener~ in a straightforwardway.

Radiochemistawho are accustomedto working at much higher lwels may

137
suggest tit a measured abaorpt:oncurve on a low-levelsample of, say, Cs

should be comparedwith that meaeured under the same conditionswith an authentic

(and much higher activity) sample ofCsU7. The reaction of nmst low-level

radiochemietsis tit under no circumetinceswould they want, say, 1000 or

137
even 100 dpm of Ce measured on a counter intendedfor 1 dpm.

Absorption cn.uwesare usually tiken with plastic abeorbers eince they are

generallyuncontaminated. Aluminum and other metals frequentlyhave an appre-

ciable blank correction. Polyethyleneand Mylar have been used euccesefdly in

10,60,107
several laboratories. A dieadvantageto working with plaetic absorbere

ie that it is eaey to build up an appreciableelectrostaticcharge on them by

rubbtig with tissue, as one.mightdo in cleaningthem. The charge wiJl leak off

gradually,and the effect is readily observableas an increasedcounting rate on

a beti counter with a thin wall. It has been the practice in our laboratoryto

place the absorber over the sample sweral hours before a count is tiken and

thereafteravoid handling the absorber until the“countis complete.

R&tionehip Between Ordinaryand LowAevel Proced&es

Generally speaking,a procedure designatedas suitible for low-leveluse

may be very similar to tiose used at much higher lwels, as will be seen in the

proceduresdeecribedat the end of this review. Usually decon~tion steps

are”repeated mra times and extza care Is exercisedto maximize yield, since

reducing the chanicalyield is tin~unt ta increasingbackground. ~ a statis-

tical sense the effect ia still greater since the figure of merit for a method

depends on (sempleactivi@)2/ (backgroundrate).

Particularatiention is paid to specifici@ since,a low-levelsepa~tion

12



frequently starts with a very large amount qf sample, containingnearly dl

possible conlaminante. It is not easy to decide what holdback carriers to use

in each step of.the procedure. Thus a low-levalpficedure for nud ide A will

often contati a step that is known to be specifi~,for A in the presence of B,

c) D~ ... when tie latt= are presat carrie@ree. Methods most successful

for such steps are ion exchange, solvent ~ction and vohtilisation which

are applicableat very low concentrations.

Seldom, if ever, is a low-lwel procedure done carrier-freeif the element

~ists in s~bls form. Because of extra decontamtition or otier steps that

tend to reduce yields, somewhat larger amounts of carrier are used than in work

147
at ordinary levels. In the low-levd determinationof nuclides such as Pm

for which no stable isotope is available,non-isotopiccarriershave been used

(in this case neodymium and samanium).lW

Some General Rules

The followinggeneral rules are suggestedto aid in the design of a low-level

procedure:

1. Devise a fist and efficientfirst step to raunve the nuclide of interest

from the bulk of the mmnple (frequentlyvery large). Poor decontaminationfrom

other nucltdes in this

rocks, meteorites,sea

advice can be offered.

first step is

water, earth,

perfectly acceptable. Since samplesmay

cyclotrontargets, etc., little specific

be

2. I&t all possible activitiesthat might be present in.the sample at lwele

that would interfere with the determination, Inhoduce appropriateholdback

carriers and scavengingagente to take care of each extraneousactivi@. AU

radiochemicalprocedure do

3. Dwiee a etep that

this to a

iS highly

greater or lesser extent.

epecificfor the nuclide in queetion. ‘l!hieie

13



in general always possible if appropriatepreliminaryremoval of interferences

can be carried out.

4. Isolate the sample in a form suitable for counting,being very careful

that any reagents (includingwater and other solvents)used in the last step are

free of activity. Filtered air may be necessary. Contaminationfrom reagents

introducedin earlier steps may be removed in the high-specificityoperation.

The choice of final form is ofien a compromisebetween low blank and suitable

gravimetricfactor. For a soft beta emitter the total weight of counting sample

should be minimized,of course.

5. If the chemicalyield of the procedure is reasonable,determinea blank

as described earlier, taking care to ensure that an authenticblank is

measured. If it is not negligible,introduceadditionalsteps in the pro-

cedure, and repeat until the blank is satisfactorilysmall.

6. Isolatethe active nuclide accordingto your procedure from a real

sample. If counted as an external sample on a beta counter,dete&ninethe ab-

sorption curve (if long-lived)and compare it with what one expects for the nu-

clide. If the nuclide is sufficientlyshort-lived,follow the decay urrtilthe

activity no longer changes appreciablywith time. The residualactivity is a

lower limit to the blank, On a gamma counter a decay curve may be followed in

the ea.meway and possibly with a low-background,highly stable scintillation

spectrometer,pulse analysis can be used to check purity and authenticity.

7. Put the sample (if long-lived)back into solutionand go through a

second processing cycle, using in step 3 a differentoperation specific for

the nuclide. Remeasurethe specificactivi~. If there is

chances are that the procedure is adequa$e.

8. In general the blank must be redeterminedwhenever

of reagents is used. Hence if a procedure is to be applied

14
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a differentbatch

to a large number



of samples,

same batch.

course even

9. If

it is wise to etock a considerableinventoryof reagsnte from the

Blank determinationsshould be mde periodicallyae a matter of

with the same batch of reagente.

a procedure ia devised that appears to be eatiefactoryand it ie

to be ueed routinely for a large number of samples, it is frequentlyworthwhile

tiveat+.gatingtie poesibili@ of eliminatingcome steps or reducing the number

of timee certiin operationseuch ae ecevengingare to be repeated. In tie long

,<
run a great deal of time may be saved. In general, low-levelprocedures tend

to be over-conae~ative; that is, in onere attempt to make sure that a procedure

will be eatisfacto~ the first time he tries it, particularlyfrom the”point of

view pf a smell blank, he ueually includesmre steps than are”really neceesary.

Elimimting them may reeult not only in the saved but also higher chemicalyield.

10. Libby,75~ho has pioneered in the use

points out in hie Nobel lecture, with regsrd to

~ti~, ~lItis something like thE disciplineof

seriousness,and practice.lyNo furthez comment

Examples of Iew-LevelProcedure

of low-levelradiochemietry,

the method used in radiocarbon

surgery - cleanliness,care,

seems necessary.

Several examples of low-levelprocedure, choeen for their variety of

elements isolatedaa well as

Experimentaldetails such ae

omitted.

i, Potaseium from iron

of starting material,“willbe

volumes and concentrationsof

50
meteorite

describedbelow.

reagentshave been

In this study Honda
so 40

measured the amount of cosnmgenicK in certain

iron ❑eteorites,as produced by the spallationof iron with cosmic rays. The

measurementconsists essentiallyof determiningthe epecificactivity of a po-

tassium fraction ieolat~d

1100 grams) and compari..g

from the meteorites (samplesweighing between 170 and

it with the specific activity of natural potassium,

15



which fortunately

Obviously no

lv~sa low concentration

pctaasimn carrier cc@d

in

be

iron ❑eteorites (about0:1 ppm).

added. In one of the eemplee,

purified cesium carrier wae ueed. After solution of the meteorite ti aqua

regia, iron, cobalt, copper and other elementewere removed by ether extraction

and anion exchange. The resultant eolutionwae made ammoniacaland ftltered.

The filtiatewhich

wae paeeed through

ceeium were eluted

contiinedabout 3 mlee of NHkCl and.O.7 melee of Ni(HHJ4+

a cation-exchangecolumn in anmnim form. Potieeiumand

with ammoniacalammo~ium ac-te, and the MI metile were

precipitatedwith tetraphenylboratein tie presence of EWl!A. Potieeiumand

ceeium were separatedon Dowex-x and K(C#5)kB precipitated. The chemical

yield ofpotaeeium (8%) wee eetimatedfrom the cesium recovery. The actual.

weight of potaeeium recoveredwae widently much more than that originallyin.

the met-rite, the exceee being atiibuted t.otie contributionofpotieeiumby

reegente and equipment.

The epecificactivity of the eemplewae determined,d itwae then dik-

eolved in an acetone-watermixture end paeeed *u@ a cation exchenger.

Potieeiumwae eluted with HCI.. This fractionme then eubjectedto scavengtig

with ~S and Fe(OH)z. The tetiaphenylboratewee again precipitated. The
.,

epecificactivity wae eeeentiellythe came for the first and eecond counting

eemplee and considerablyhigher than that of a mtuml potaeeium sample.

40
The net beta counting ratee due to K were in the range 0.3 to 2.4 CPM

(background0.17 cpm). While.no specificreference ie made to”contaminante

(othertinnon-coenmgenic potiseium), it ie cleex from the procedure that

rubidimn la about the only conceivableinterferenceand the latier ehould be

40 4.1
remmved in the cation-exchangeetepe. The ratio.of K to#9and K ,ae

deduced from the epecific activity meaeummente, waeabeequenfly verified

nw3esapectrometiically.

16



2. Barimu and atrontlumnuclides h epontaneouafiaaion49 of P8

Kuzmda and co-workers
UJ49,69,86

have meaeured the yielde of a

238
number of nuclidea in the apontanaouafiaaion of U . Tha paper by Hey-

degger and Kuroda
49 140al

la devoted chiefly to meaauring tie yiald of 13a -

91
tlmugh mention ia made alao of sr and Sr92. Since the apontaneouafia8ion

half-life of U
ZJ8 15

ia very long (8x10 yeara), very”l.argaaamplea of uranium

compunda (500-2000grams) must be Mcen aa the atirtingmaterial to obt&

maaaurablecounting ratea of fiaaion products.

The uranium waa diaaolved in ether, and the solutionwaa extractedtwice

with small volumes of aqueous barium nitrate solution. l!ariumsulfatewaa pre-

cipititad,filtered,and converted to the carbonateby fusion with sodium car-

bonate. The barium waa then purified by ferric hydroxide acavengtig,by pra-

cipitation as barim nitrate, and finallyprecipitatedaa tie carbonateor

chromate. A barium sample isolated from 10 grams of uranium ahowed no activity

above the counter background of 1.10 ~ 0,03 cpm.

Wl@n barium waa isolated from 758 grams of U
238

, l.11 ~ 0.15 cpmof Ba
140

waa foudwti comtad 410 minutes after the BaSOh precipitationstep. Tha ob-

140
‘serveddecay curve waa found to fit the calculatedgrowth-decaycurve of Ss -

=140
.

When three nitrate precipitationand five

are used, tha authors atata that thare remaina

tandnation,deterndnedprea~bly by following

ferric hydroxide scavengingatepa

0.06 ~ O.~ cpm of raaidual con-

the decay over a period long com-

140
pared to the half-lifa of 12.8-day M . Anofier method of determiningthe

blank would be to separatebarium again from the urariiumsolution,very aeon

after the firat extraction. Little Ba
140

would have formed by apontineousfiaaion

ina time very short compared to.12.8 daya.

Similar experiments were conductedwith

17
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65 reductig fiepossibfli@ oftid.ced fisstin contiibuttigti@eobs~ed.#

reeulte. b this caee the residual contiination wae 0.15 ~ 0.05 cpm. The

authors epeculatethat tl@e may be aecribed to radium contamination.

3.
95

Cobalt and iron from copper cyclotrontarget

ROy and IWunan
95

were interestedin eetibliehtig,tienuclear char-

60
acterieticeof Fe which wae believed to be long-lived. Be@a-decayayataua-

&hl
tice predict that it should decay, at leaet in part, to 10-min. Co . The

experimentconeietedof firet recovering an iron fraction fcoma copper target

that had been irradiatedwith about 200 l.u-houreof hOO-Mrvprotons. The

copper -get, wei@tig about 10 greme, wee dissolved in HNO and @e eolution
3

wee evaporatedto drynees and tiken up @ HC1. Carrierefor Ca, Sc, Ti, V, &,

h, Fe, b, Ni, and Zn were added and Fe
%5

wae extractedinto ieopropylether

under conditionsthat are essentiallyepecific for iron. .The iron fradtion

after purificationcontainedof the order”of a“millicurieof Fe
59

and a con-

55eidarablequantity of Fe .

The eecond part of the chamicalprocedure coneietedofmilldng co
6Qmh

the iron fraction. Thie wae done by,contactingan aqueoue cobalt,eolution

briefly with the eolution of Fe~tiieopnpyletier. Thecobelt fraction

wae then waehed with ieopnpyl ether eeverd timae. Cobelt wae finalJypre-

cipitatedae the eulfide. Prefilteredair wae found to be neceeea~ to elimin-

ate short-livedradioelemnte in air. The reparationtook about 9-15

Countingwae done on a thin-w~dow beta counter eeneitiveto the

arl
conversionelectie of Co . The background

lived activi~ (presumablyFe
55

+ Fen) =nged

55 cpm. The net rate attributableto co
&h at

wae 2.8cpm. Reeidual

in various separations

the time of

9 to 62 cpm. Thie

dpm of an activity

iUue&atee tie difficultiesaeeociated

from a eystem containingmillfcurieeof

18

t3eparation

mhutee.

51-Kev

long-

from 9 to

ranged from

with removinga few

other activities,



partictirly when only a few minutee may be devoted to the reparationbecauee of

a short helf-life.

4. Cerium and promethium from eea water
107

The f~lout nuclidee 285-day cs
144 147

and 2,6-year PM may be ueed ae

tracere in marine geochamicalatudiee.
108

The chemical reparationmethod from

eea water and tie radiochemicaldetectionof the two nuclidee have been dee-

cribed.lq

!lhetiitial concentrationof the rare earth nuclidee from”eeawater of

volumee in the range 50-200 litere wae accomplishedby coprecipitationon

Fe(OH)3. Relativelylarge amxmnte ofprecipitint (carrieror ecavenger)are

neceeeary to renmve rare earthe quantitatively(at leaet 20 mg and preferably

more) from theee large volumee. Since large amounte of cerium or other rare

earth carrier might complicatethe countingprocees, and etice the uee of

Fe(OH)3 resulte in nolme in efficiency, tie htter wee chosen. A great my

contaminatingactivitiesare expected to follow in thie step.

The Fe(OH)3 wee dieeolved in HOl; cerium, neodymium,and samrium carriers

were added; and the eolutionwae passed through an anion exchangerwhich ad-

sorbe iron, the rare eafie paeeing through, Other anion-exchangestepe h

HCl and H2SOh removed uranium, protactinium,and thorium. Scavengingwiti

FkxMk remved radium and lead. The final reparationof cerium, neodymium,

promethium,and samriumwas made on a cation axchengerwith annmnim lac~te

as the eluent. l!hiastep wae designed to elhdnate actinium contamination.

The mean yield of neodymiumand eamariumwas tikento be tie chemicalyiald

of promethium. For countingpurposes the promethiumwae carried on samarium

omlate. me wmmrium carrier,which was added

from the column,had been purified sufficiently

Countingrates obeervedhave been ae small

19

to the promethium fraction

to give a zero bhdc.

as 0,1 cpmfirh147
to as



much as 15 cpm for

nuclides have been

specificactivity.

144
Ce on a counterwliose

identifiedby absorption

The decay of one

followed for about two years and the

half-life. Determinationsof blariks

tiibute less than 0.03 cpm.

of tie

background is about 0.2 cpm.. The

cumee and by recyclingto constant

144
early Ce -lee has been

decay curve is consistentwith a 285-day

have ehown repeatedlythat reagents con-

5. Argon-39 and tritium from meteorites
29

The chemicalpurificationof gaee~for

mination ie rather different from tie procedures

subsequentlow-leveldeter-

describedabwe. Flremzn and

DeFelic#9 have described tie methods used in isolating,purifying,and counttig

A#9end#. ~.edC-=y,~OSW e ages are estimated from the results.

Separationswere made from both iron and s+mne meteoritesin the weight

range 17 to ~ grams. Contaminatio~from terrestrialair and water wae removed

by pumping at room temperatureand at 3CN30C. The meteorite eampleewere melted

by an inductionfurnace in the preeence of ~ier argon and in some cases

carrier hydrogen. I@mgen was firet separatedfrom the gaeee evolved. For

most of the iron meteorites,adequate separationwae achieved simplyby letting

the hydrogen diffuee through a hot pa~dhm fiimble.

In the caee of stone meteorite, which in general containedmuch mre hy-

drogen, the evolvti gas mixture wae passed over a Cu-CuO.furnace,oxidizing

hydrogen to water. The latier and other condensablesubstanceswere frozen

in a cold trap at liquid nitrogen temperature. Carbon dioxidewas renmvedby

raietig fie trap temperatureto -6Q°C. Water was reduced tohydrogen witi hot

magneeium amalgam. The fhal purification step for hydrogen was diffueion

through a hot palladium thimble.

,!fterhydrogen

tact with zirconium

had been remved,

ribbon at 1200°C,

the remaining gas was brought into con-

which reacts with essentiallyall except

20



the inert gases. The remainderwas adsorbed on

was removed by raising the charcoal temperature

jetted to one more treatmentwith hot zirconium

charcoal at -196°c, and argon

to -60°c. The argon was sub-

before being counted.

The gas counters used ranged in volume from 2.1 cm3 (backgrounik.2~ 0,2

counts per hour) to 80 cm3 (background56 ~ 2 counts per hour). The counting

mixture used in the case of the tritium determinationwas 10 cm hydrogen,

3 cm butene, and 30 cm argon. For argon counting it was 5 cm butene and 50

cm argon. Counterbackgroundwas measured with tank hydrogen-butene-argonor

butene-argonat the same pressure,a.

While no blank measurementsare reported as such, it would appear that the

procedures are probably adequate. The method of determinationof counter back-

ground automaticallyincludesany contributionof impuritiesfrom the carrier

gases and the gases used to obtain a suitable countingmixture. Amongother

samples,the Carbo and Canyon Diablo meteorites gave negative results for both

Ar3g and I?. In factmost of theiron meteoritescontainednodetectable l?.

From these negative results one concludesthat the proceduresused were

satisfactoryfrom the point of view of a blank.

Survey of Low-LevelProcedures

IIITable I are listed referencesto procedures,published and unpublished,

of tWO ktids: those which are claimed by the authors to be low-levelones

(defineddifferentlyby differentauthors),and those which this author feels

may have been essentiallylow-levelalthough no specificmention has been made

in the paper. Since a procedure

very inadequatefor another, the

ences of Table I are useful oily

that is satisfactoryfor one eystem may be

reparationschemes suggeeted in the refer-

ae guides. Ae pointed out earlier,a compre-

hensive eurvey of low-levelprocedures ie not poseible in principle; the

referencescited should be consideredonly to be typical.
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Element

H

Be

c

Na

Mg

Al

Si

P

s

cl

Ar -.

K

Ca

Sc

Ti

v“

Cr

Mn”

Fe

co

Ni

Cu

Zn

Table I. Referenceaato Low-I.evelMethodsof RadiochamicalSeparation

Stirting Meterfilb
EnvironmentalNatural Rocks, IrradiatedMixedFieaion

%mnulee Watera Sediments Minerale Meteorites tigeta Products

63 29,37

72 9,39,M 10,80 26,52, z5

6,74,89 32

!3

5,26,52, m”

71 5

,72 76 71

72.. 38

99,=9 22,64,&l 52, !3

29,Uk

37,50,52,5

55

53

m

26,55

.55

102

51

17,51 30

51,93

60,96

51,93

60,g6

&

51,60

51

60

60

23,96

23,51,60,
79

60

23,62,95

a ,34

23

23

log

log

20,106,109
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TableI (cont.)

Element

Ge

Ge

Ae

Se

Br

Kr

Rb

sr

Y

Zr

Mo

Tc

Ru

Rh

Pd

M

Cd

In

Sn

Sb

Te

I

C8

StirtingMaterial

EnvironmentalNatural : Rocks, IrradiatedMixed Fiasfcm
Semplea Watera Sediments Minerala Meteorites Targete Products

102

lo2

23

105

42,70,78;81, 107
83,112

105

3

19,31

49

86,101

4

81

77

77

101,102

101

19

IL

81 20,61,107 w“ 19
120,121

105

105

105

40,105

40

40,u8

U8

~8

U8

IL8

U8

m

28,109

28

28,106,109

28

28,1U3,109

109

28,103

28,4.4

28

28,92,103

28,103

28,103

28,92

100,103

28

26,103

28,103

103

103
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TableI (cont.)

Element StartingMaterial

EnvironmentalNatcral ROcks, IrradiatedMixed Fission

Samples Waters Sediments Minerals Meteorites Targets Products

Ba

La

Ce

Pm

Re

Hg

T1

Pb

Bi

Rn

Fr

Ra

Th

81

115 49,69 46,9 105 28,103

101 44

107 103

107

85

2,25,45

2

67

73

13,43,94,
U6

65,97 hl 113

27,91

27,90 82

go 59,82,u7

27,90 82

Pa 2

u 94 46,90

Pu 55

a As indicatedin the text,thesereferencesused or appearedto have used low-level
separationmethodsin the applicationsindicated.

b
The sevencategoriesare obviouslynot mutuallyexclusive. Each referenceis listedin
the categorythat appearsmost descriptive.Meteoritesare irradiatedin activationanaly-
sis;here they are listedunder ‘Meteorites.”Mixed fissionproductsare, of course,
found in many irradiatedtargets;a separatecategoryappearedto be useful,however
For lack of a bettercatego~, ordinaryreagentsare listedunder “Rocks,Minerals.”
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